We analyzed Kepler short-cadence M dwarf observations. Spectra from the ARC 3.5m telescope identify magnetically active (Hα in emission) stars. The active stars are of mid-M spectral type, have numerous flares, and well-defined rotational modulation due to starspots. The inactive stars are of early-M type, exhibit less starspot signature, and have fewer flares. A Kepler to U-band energy scaling allows comparison of the Kepler flare frequency distributions with previous ground-based data. M dwarfs span a large range of flare frequency and energy, blurring the distinction between active and inactive stars designated solely by the presence of Hα. We analyzed classical and complex (multiple peak) flares on GJ 1243, finding strong correlations between flare energy, amplitude, duration and decay time, with only a weak dependence on rise time. Complex flares last longer and have higher energy at the same amplitude, and higher energy flares are more likely to be complex. A power law fits the energy distribution for flares with log E Kp > 31 ergs, but the predicted number of low energy flares far exceeds the number observed, at energies where flares are still easily detectable, indicating that the power law distribution may flatten at low energy. There is no correlation of flare occurrence or energy with starspot phase; the flare waiting time distribution is consistent with flares occurring randomly in time; and the energies of consecutive flares are uncorrelated. These observations support a scenario where many independent active regions on the stellar surface are contributing to the observed flare rate.
INTRODUCTION
The Kepler satellite (Borucki et al. 2010 ) has ushered in a new era of stellar photometric investigation, enabling light curve analysis with unprecedented precision: approaching 10 ppm in bright targets (V=9-10) and 100 ppm even in faint targets (V=13-14) . Light curves of this precision, over periods of months to years with minimal interruption, provide a unique view of stellar variability in optical light. Here, we are interested in the variability that results from flares on low mass stars.
The advantages of Kepler over ground-based observing of stellar flares are many. Since flares occur at unpredictable intervals, a long time baseline uninterrupted by daylight, weather or the vagaries of telescope scheduling greatly facilitates the determination of the flare frequency distribution (FFD, the cumulative number of flares above a given energy that occur per unit time). FFDs on low mass stars have been extensively examined from the ground, beginning with the pioneering work of Gershberg (1972) and the seminal paper by Lacy et al. (1976, hereafter LME) which presented results for 8 stars using more than 400 hours (spread over two years) of ground-based monitoring observations by Moffett (1974) . These early studies showed that flares occur more fre-quently but with lower energy on mid-M dwarfs (M3-5) compared to earlier type, M0-M2 stars. However, there are significant selection effects at both extremes of the distribution due to a) the relatively higher quiescent luminosity of the earlier type stars, which makes it more difficult to detect low energy flares; and b) the limited duration of the monitoring observations which makes it less likely to observe the relatively rare, high energy flares. Recently, Hilton (2011) compiled several hundred hours of ground-based monitoring of M dwarfs and extended the investigation of FFDs to the regimes of very low mass (VLM) dwarfs of type M6-M8 and of inactive, early type M dwarfs. His results indicate that the trend of higher frequency but lower energy flares extends to the latest M dwarfs, and that even "inactive" (no Hα emission in the quiescent spectrum) early-type M stars still flare, although at much lower frequency than active stars of the same spectral type. Audard et al. (2000) presented FFDs for several M dwarfs using X-ray data from the EUVE satellite and obtained similar results to the optical studies. HST investigations in the NUV (Robinson et al. 1995) and FUV (Robinson et al. 2001) revealed smooth extension of the FFDs to the microflare regime for both early and late M dwarfs. In the first reported long-duration optical monitoring observations from space, Hunt-Walker et al. (2012) used data from the MOST satellite on the active M3 star AD Leo to determine that the FFD from a week of nearly continuous observation matched those previously found from the ground.
With a power-law probability distribution for flare energies
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a linear fit to the cumulative FFD gives a slope −α + 1. There is considerable interest in the solar literature concerning the value of α, since a flare energy distribution with α > 2 extending to low flare energies would potentially provide enough energy from flares to heat the solar corona (Parker 1988; Hudson 1991; Hannah et al. 2011; Schrijver et al. 2012) . The M dwarf studies described above typically find flatter power law distributions (smaller α) than for the Sun, at least for groundbased data. Güdel (2004) reviewed X-ray results and noted several studies that obtain α > 2. Ramsay et al. (2013) recently presented FFDs from Kepler data for two M dwarfs (including the active M4 star GJ 1243 which is contained in our sample), and found steeper powerlaw slopes, also implying α > 2. By contrast, the Kepler study of an early L dwarf examined by Gizis et al. (2013) showed a relatively shallow power-law slope in its FFD. The assurance that every flare has been observed over a long time period of consecutive observation (approximately one month with Kepler) also provides excellent statistics for the study of flare timing, for example the waiting time between flares. The waiting time distribution can be used to address whether flares occur independently, or are triggered by other flares (sympathetic flaring), and also whether the phenomenon of precursor flares (small flares immediately followed by large flares) is real. LME found that the flares in their sample were consistent with random occurrence, but other studies have presented evidence for sympathetic flaring on low mass stars (Pazzani & Rodono 1981; Doyle et al. 1990; Panagi & Andrews 1995) , RS CVn stars (Osten & Brown 1999) , and on the Sun (Pearce & Harrison 1990) . Wheatland (2010) investigated flares within a single solar active region, and found that they followed a piecewise Poisson distribution, indicating random occurrence, but with different rates as the magnetic topology of the region evolved.
In addition, the precision of the Kepler light curves provides an unprecedented view of periodic variations attributed to starspots rotating across the visible hemisphere. Starspots on M dwarfs have previously been difficult to measure due to the very small amplitudes (< 0.01 mag) that are typically observed (Irwin et al. 2011) . However, variations of this amplitude are easily measured with Kepler. It is well known on the Sun that flares are associated with active regions (sunspots). The Kepler data now make it possible to look for a correlation between starspot phase and flare occurrence in low mass stars.
Finally, since Kepler monitors many stars simultaneously, it is possible to compare these various measures of flare energy, frequency and timing in stars of different mass, temperature and evolutionary state as well as in otherwise similar stars that exhibit very different levels of magnetic activity. A series of papers reporting spectropolarimetric observations of M dwarfs (Morin et al. 2008; Donati et al. 2008; Morin et al. 2010 ) describes the change in the large-scale magnetic field structure between early M dwarfs that retain a radiative core, presumably have a solar-type dynamo and exhibit weak, mostly toroidal field; and mid M dwarfs, which are fully convective and have a turbulent dynamo, and exhibit stronger, more stable, poloidal fields. As these authors point out, the large scale fields they infer from their spectropolarimetry have relatively low field strength and most of the magnetic energy in the active stars, with measured field strengths of several kG (Johns-Krull & Valenti 1996) , must be contained in smaller, spatially confined active regions that are unresolved with global polarization measurements. Reiners & Basri (2009) reported Stokes V and I measurements of early and mid M dwarfs and find that the large scale fields contribute at most 15% of the total magnetic flux. Investigation of flare activity in both active and inactive stars of early and mid M dwarfs may provide additional insight into the relative importance of the large and small scale fields, especially at spectral types near M4, where stars transition to a fully convective interior and turbulent dynamo (see discussion in Stassun et al. (2011) ).
We have carried out a long term program of flare monitoring with Kepler in the short (one-minute) cadence mode, with the ultimate goal of obtaining a deeper understanding of the flare mechanism, how and when flares occur and how flare properties are correlated with the underlying stars. This is the first in a series of papers describing our results. In this paper (Paper 1), we focus on the lowest mass stars in our Kepler program, active and inactive M dwarfs of spectral type M1-M5. Davenport et al. (2014, hereafter Paper 2) examines flare light curve morphology using a large sample of flares on the active M dwarf GJ 1243. Lurie et al (2014 in prep., hereafter Paper 3), investigates the active binary system GJ 1245AB using the Kepler pixel files to separate the two stars and analyze the individual light curves. Additional papers are also planned.
Section 2 of this paper describes the M dwarf sample and the process we use to identify flares. Section 3 presents the results for flare frequencies and energies, and the comparison between the active and inactive stars. Sections 4 and 5 concentrate on the active single star GJ 1243, and describe the relationships between basic properties such as flare amplitude, duration and energy, as well as our analysis of flare timing and correlation with starspot phase. We offer some conclusions and discussion of future work in Section 6.
KEPLER M DWARF FLARE SAMPLE
We chose the most active and brightest late type M dwarfs in the Kepler field, GJ 1243 (dM4e) and GJ 1245AB (dM5e+dM5e) and the latest type inactive (no Hα emission) M dwarfs (GJ 4083, dM3; GJ 4099, dM1; and GJ 4113, dM2 ) that were bright enough to give good signal in one-minute cadence data. To our knowledge, all of the objects are single field stars, except for the GJ 1245AB system which is comprised of two nearly identical active mid-M dwarfs separated by 7", and a third component (GJ 1245C), an M8 companion to GJ 1245A, separated by 0. 6 (Schroeder et al. 2000) . The entire system is measured together in the Kepler pipeline photometry. Since GJ 1245C is approximately 3 magnitudes fainter than the GJ 1245AB system, we do not expect that it contributes significantly to the combined light observed with Kepler. In particular, a 3 magnitude flare in the Kepler bandpass on an M8 dwarf will occur less than once every 100 hours according to results from Davenport et al. (2012) and Hilton (2011) , and such flares would only appear as brief, short-lived, low-energy excursions in the GJ 1245AB light curve. We therefore -Light curves for the active M dwarf GJ 1243 (top) and the active binary GJ 1245AB (bottom). A flare with energy log E Kp ∼30.5 is marked with a vertical blue bar, and a flare with energy log E Kp ∼31 is marked with a vertical red bar; these are discussed in §4.1. Although GJ 1245AB is brighter, it exhibits more noise likely due to variations in the amount of total light from the binary falling within the Kepler photometric aperture (see text). treat GJ1245AB as a binary system and analyze the light curve in terms of the A and B components. In Paper 3 of this series we analyze the GJ 1245 system in more detail and separate the components using recalibrated light curves from the Kepler pixel files. Table 1 gives the basic properties of the sample targets, including our determination of rotation periods which we describe below. We obtained new spectral types using moderate resolution spectra obtained with the DIS spectrograph on the ARC 3.5m telescope at Apache Point Observatory. Figure 1 shows the six spectra (GJ 1245 A and B were resolved so that we were able to take spectra of the individual components). The spectral typing followed the procedure of Covey et al. (2007) using the Hammer software described therein. Distances for the inactive stars in Table 1 were determined using published R − I colors transformed to SDSS r − i (Davenport et al. 2006) and then employing the M r vs r − i photometric parallax relation given in Bochanski et al. (2010) , with the updated values given in the erratum to that paper (Bochanski et al. 2012) . The active stars have measured parallaxes as reported in Reid et al. (1995) .
Kepler Light Curves
Our Kepler Cycle 2 GO program 20016 comprised two months of one-minute cadence data for each of the objects in the sample. Note that the one-minute cadence is important to obtain well-sampled flare light curves, since many flares on M dwarfs have a duration shorter than 30 minutes (e.g. Moffett 1974 ) and nearly all are shorter than the 90 minutes (3 observations of 30 minutes each) required in e.g. the Walkowicz et al. (2011) discussion of stellar flares in Kepler long cadence data.
We used the most recent publicly available version of the Kepler photometry, which gives the Pre-search Data Conditioning Simple Aperture Photometry (PDCSAP) flux (Smith et al. 2012) . The PDCSAP fluxes are the result of a systematic reprocessing of the entire Kepler database using a Bayesian approach to remove systematics from the short and long term light curves. However, some month to month corrections still needed to be manually applied. We used a linear least-squares fit to each month of data to remove low-order flux variations, and normalized the median flux levels between months. Figure 2 illustrates representative 3-day segments from the light curves for the active stars, with the fractional flux ∆F/F given by:
where F i is the measured flux sampled at each time i, and F o is the normalized median flux as described above.
The light curves display a simple, well-defined, periodic flux variation in GJ 1243 and a more complicated flux variation for the binary GJ 1245AB, due to Kepler measuring the combined light from both stars. The periodic flux variations are ascribed to starspots moving in and out of view on the visible hemisphere as the star rotates. These starspot variations are expected on magnetically active stars, and have been observed commonly on active G and K stars even from the ground, with flux variations up to 10%. M dwarfs exhibit much smaller flux variations due to starspots; even the very active stars only show variations of ∼1%. If much of the star is covered with strong magnetic fields, as discussed in Johns-Krull & Valenti (1996) , then numerous small (or a few large) spots may always be present on the surface, and thus only small variations as the star rotates would be expected.
Many flares are evident even in these short data segments. For reference, flares with energies in the Kepler bandpass (see §2.3 for discussion of energy measurements) of log E Kp = 30.5 and 31 are indicated with vertical blue and red bars respectively. These particular flare energies will be discussed further in §4.1 below.
The increased noise in the GJ 1245AB light curve compared to GJ 1243 is unusual since GJ 1245AB is a brighter target. However, inspection of the pixel files for GJ 1245AB reveal that it is partially resolved, with much of the light from the A component in particular falling outside the aperture chosen for the pipeline photometry. Additional noise results from varying amounts of light from the two stars falling within the Kepler photometric aperture due to spacecraft jitter and other guiding issues. These issues also affect the flux normalization, flare identification and flare energies assigned to GJ 1245AB, adding uncertainty to the results obtained from the combined system. Figure 3 shows 11-day segments of the inactive star light curves, indicating far less flux variation due to starspots (note the flux scale is a factor of ten reduced compared to Figure 2 ) and a few small flare events, marked with red vertical bars. It is notable that even in these inactive (no Hα emission) stars, we still see evidence for some magnetic activity from starspots and flares.
Figures 4 and 5 give the corresponding Lomb-Scargle periodograms for the 2-month Kepler dataset for each target. In Figure 4 , GJ 1243 (P=0.59 days) and GJ 1245AB (P = 0.26 days for component A and P = 0.71 days for component B) have very strong peaks in their periodograms indicating clearly periodic variations which we attribute to rotational modulation from stable starspots on the surfaces of these stars. Our periods for these stars are reported in Table 1 , with uncertainties found from comparing values obtained when analyzing separate months of data (the formal uncertainties on the individual fits are much smaller). Our periods agree with previous determinations for GJ 1243 (Irwin et al. 2011; McQuillan et al. 2013 ) and GJ 1245B (Morin et al. 2010 ). To our knowledge this is the first measurement of the period of GJ 1245A. Note that the combined Kepler pipeline light curve for GJ1245AB does not allow us to independently identify which period belongs to which star, but our additional pixel-level investigation in Paper 3 verifies that the periods are ascribed to the correct components, and provides the uncertainties quoted on those periods.
The inactive stars GJ 4083 and GJ 4099 (see Figure  5 ) have several peaks of about the same weak power (an order of magnitude weaker than in the active stars) in their periodograms. These may be due to small transient starspots appearing on the stellar surface, possibly at different latitudes which may indicate differential rotation. We report the period of the strongest peak in Table 1 for GJ 4083 and GJ 4099 (as indicated by red vertical lines in Figure 5 ), but the periods are very uncertain, and should only be regarded as suggestive. The final inactive star, GJ 4113, does not show any significant peak in its periodogram, and we are unable to determine its rotation period. We also note that our analysis of two months of short cadence data is sensitive only to periods less than 10 days. Previous examination of long cadence Kepler data revealed marginal evidence for longer periods in the inactive stars in our sample (McQuillan et al. 2013 ).
Flare Identification
In order to identify flares, we used a modified version of the flare-finding approach described in Hilton (2011) and Hunt-Walker et al. (2012) . A full description of our flare finding methodology is given in Paper 2, and we briefly summarize the algorithm here. Each month of Kepler data was treated independently. The light curve was first de-trended to remove starspot modulations using a variable-span smoothing algorithm, similar to the "Supersmoother" method (Friedman 1984) . The local mean and standard deviation (σ) of the flux were then computed at each time sampled, and candidate flares were flagged as excursions of two or more consecutive points more than 2.5σ above the local mean flux. Each month of data was independently inspected by at least two people, and both had to agree that a candidate flare was real for it to be included in the sample. A flare type (classical or complex) is assigned based on whether there is only one peak in the light curve (classical) or more than one peak (complex), and these types were also manually verified. Finally, the assigned start and end times for each flare were examined, and in some cases modified, during the inspection process.
The shape of a typical flare light curve (the light curve temporal morphology) is discussed in detail for GJ 1243 in Paper 2. Here we simply show in Figure 6 an idealized, classical (only one peak) flare with the usual fast rise and fast decay (impulsive phase) followed by a slower exponential decay (gradual phase) light curve, to illustrate the measurements we obtain directly from the Kepler data for each flare -the amplitude, rise and decay times, duration and equivalent duration. The amplitude of the flare is defined by the point in time with the highest flux value (the flare peak), and is expressed as a fraction of the local mean flux,
similar to the fractional flux ∆F/F defined for the light curves ( §2.1, Equation 2) but using the local mean flux rather than the global median flux as the reference. The amplitude of the flare is thus measured relative to the current state of the underlying star, including effects from starspots, and represents the excess emission above the local mean flux. For example, the idealized flare shown with an amplitude of 1 in Figure 6 corresponds to a peak flux enhancement that is twice as large as the local mean flux. The duration of the flare is the difference between the start time (the point in time when the flare flux begins to deviate from the local mean flux) and the end time (when the flare flux returns to the local mean flux). The start and end times for each vetted flare were obtained during the manual inspection step, including any point where at least two people agreed it belonged in the flare. The rise time is then the time between flare start and flare peak, the decay time is the time between Table 1 for GJ 4099 and GJ 4083 are indicated. We were unable to determine a period for GJ 4113.
flare peak and flare end, and the duration is by definition the sum of the rise and decay times. The measured rise and decay times and durations are given in integer minutes due to the one-minute sampling in the Kepler data. Finally, the equivalent duration is the area under the flare light curve, i.e. the fractional flux integrated over the flare duration as illustrated by the shaded area in Figure 6 . It is directly related to the flare energy as described in the next section. We note that the time sampling and the presence of noise in the light curve means that the detection of the first point in the initial flare rise, and the last point in the flare decay are typically underestimated compared to an analytical flare model. However, comparison with the model for classical flares discussed in Paper 2 shows that the main effect is an underestimation of flare decay time and duration by about 20%, and this is independent of the size of the flare. Further, since the empirical measurements effectively cut off only the last part of the long exponential tail, there is almost no effect on the energy of the flare. We have chosen to use the empirical measurements in this paper, particularly so that complex and classical flares can be uniformly compared.
The quarter of Kepler data used, the total length of the one-minute cadence data that were analyzed, and the number of flares found for each target are listed in Table 2 . The quiescent Kepler luminosity and the range of flare energies found for each object in the sample are also given in Table 2 and described in the next section.
Determination of Flare Energies
The flare energy is calculated using the equivalent duration (Gershberg 1972; Hunt-Walker et al. 2012) , which is the area under the flare light curve as described above and shown in Figure 6 . The equivalent duration is measured in units of time; multiplying it by the quiescent luminosity of the star in the Kepler bandpass gives the Kepler flare energy, which we denote as E Kp .
Obtaining the quiescent luminosity in the Kepler bandpass, L Kp for each of our targets required several steps. First, we calculate the quiescent Kepler flux (at Earth) using the measured apparent magnitude m Kp and the Kepler zero-point magnitude. To find the zero-point, we convolved spectrophotometric data for GJ 1243 from Kowalski et al. (2013) with the Kepler filter curve to obtain the specific flux in the Kepler bandpass, 6.66×10 Table 2 . As a consistency check, we convolved the spectra shown in Figure 1 with the Kepler filter curve to obtain measured Kepler fluxes, and found that these were ∼30-80% of the values obtained from the measured apparent magnitudes using the method outlined above. This was as expected due to cloud cover and slit losses during the non-photometric conditions when the spectral data were obtained.
A conservative estimate leads to errors of ±0.2 in the final values of log E Kp , due to uncertainties in the Kepler zero-point, the measured Kepler magnitudes, the distance estimates and the measurement of the flare equivalent durations from the Kepler photometry.
The final step in the data reduction is the transformation between the flare energy in the Kepler bandpass and in a broad-band filter such as the Johnson U-band, traditionally used in flare studies because flares are quite blue compared to the underlying stellar light. However, because equivalent durations change in different bandpasses, we cannot simply multiply the Kepler equivalent duration by the quiescent U band luminosity to obtain E U . Instead we determined the relationship between E U and E Kp using simultaneous data obtained for a flare on GJ 1243 with both Kepler and in the U -band with the NMSU 1-meter telescope at Apache Point Observatory. The flare light curves are shown in Figure 7 . The equivalent durations differ by nearly two orders of magnitude, with ED U = 422 seconds, and ED Kp = 4.4 seconds. GJ 1243 does not have a published U magnitude, so we adopted U-B = 0.93 (the value for YZ CMi, a famous nearby flare star of similar spectral type), to obtain log L U = 28.50 erg s −1 . The flare energies are then log E Kp = 31.31 and log E U = 31.10, or E U = 0.65E Kp .
The energy scaling between the U-band and Kepler filter may vary between flares for several reasons. The strong blue emission which characterizes ground-based observations of flares is emitted primarily during the flare impulsive phase, which varies in strength and duration (see e.g. Kowalski et al. 2013) . Flares with a very strong and long-lived impulsive phase will emit relatively more energy in the U-band. During the flare gradual phase, Kowalski et al. (2013) have recently discussed the existence of red continuum emission in some flares which will contribute to the emission in the Kepler filter if present. Flares that have been observed with many filters simultaneously are rare, but a very large flare observed on the dM3e star AD Leo simultaneously in the Johnson UBVR filters was reported in Hawley & Pettersen (1991) . Their Table 6 indicates that the sum of the B+V+R filter energies covers the Kepler bandpass from ∼4000-8000Å, and gives E U = 0.4(E B + E V + E R ) ∼ 0.4(E Kp ). Flare energy scaling relations have also been determined by LME (and confirmed by Hilton 2011) for a few flares observed simultaneously with U, B and V filters. LME found that E U = 1.2E B and E U = 1.8E V . Again using the sum of the B, V and R filters to approximate the Kepler filter, these relations give E U = 0.6E Kp if E R = 0.5E V or E U = 0.4E Kp if E R = 2E V (the value found in Hawley & Pettersen (1991) for the large AD Leo flare). Clearly, the presence and strength of a red continuum component in a flare will strongly affect the resulting energy scaling.
For our purposes, we have chosen to adopt the scaling E U = 0.65E Kp determined from the direct measurement. However, variations in the scaling factor from 0.4 to 0.65 lead to a range of ∼0.2 in log E U , and we display this range in our discussion in the next section. Figure 8 illustrates our observed flare frequency distributions (FFDs), which are diagrams of cumulative flare frequency (log number of flares per day with energy greater than E) as a function of flare energy (log E).
FLARE FREQUENCY ON ACTIVE AND INACTIVE M DWARFS
7 The results in the Kepler bandpass for the five objects in our sample are given in the top panel, while the bottom panel shows the Kepler data transformed into Uband energies and compared with previous ground-based studies.
It is common to characterize the cumulative flare frequency as a power law in energy, for energies above some limiting energy set by the completeness of the sample. The low energy turnover seen most clearly in the active stars may be partially a result of incompleteness in the detection of small flares and is excluded from the fit. (In §4.1 below, we further discuss this turnover at low energies, using the large sample of flares observed on GJ 1243.) GJ 1243 has a very high flaring rate, comparable to those seen on the most active, well-observed nearby flare stars such as AD Leo and YZ CMi. The power-law fit (green solid line) to the GJ 1243 data shown in the top panel of Figure 8 was obtained from a least squares fit to the high energy flares (using Poisson uncertainties so that the very highest energy flares do not receive undue weight), increasing the low energy limit until the slope of the power law did not change within the uncertainty in the fit. This resulted in a limit of log E Kp = 31, meaning that flares of this energy and above are used to fit the power law prediction for flare frequency. The GJ 1245AB flares are at somewhat lower energy, which is expected since the stars are of slightly later spectral type, as discussed in LME. It is surprising that the flare rate is reduced compared to GJ 1243 since flares from both stars in the GJ 1245AB system are being measured. In addition, GJ 1245A is rotating significantly faster than GJ 1243. A simple activity-rotation relation would predict stronger activity and more flares on GJ 1245A. However, much of the light from GJ 1245A was excluded from the Kepler photometric aperture, the threshold for detecting flares is higher because the background flux comes from (parts of) both stars, and the signal-to-noise ratio in the GJ 1245AB data is lower, as described in §2.1. All of these factors add uncertainty to the analysis of the GJ 1245AB data from the standard Kepler processing pipeline. While the combined data for GJ 1245AB qualitatively indicate a somewhat steeper power law than for GJ 1243, we defer quantitative discussion of the individual FFDs to Paper 3, where we investigate this system in more detail, using individual light curves for each component obtained from the Kepler pixel files.
The inactive stars show significantly lower flare frequency, but it is notable that they still exhibit some energetic flares. Evidently, "inactive" as measured by the lack of Hα emission does not mean that these stars have no magnetic field. Rather, it appears that the field is weaker and/or less organized into substantial active regions where magnetic heating can produce a strong, persistent chromosphere. Despite the lack of a strong chromosphere, magnetic energy is still being stored and released periodically in flares which appear similar to the flares seen on the active stars. The FFDs for the inactive stars suffer from poor sampling (small numbers), especially for the mid-M star GJ 4083; linear least squares fits are shown, which are useful mainly to characterize the general region populated by these stars in the FFD. The power-law slopes and resulting values for α (the exponent in the flare energy probability distribution, see Equation 1) for the four single stars in our sample are given in Table 3 .
The bottom panel of Figure 8 shows the Kepler data transformed into U-band energies and the comparison with previous ground-based studies. The GJ 1243 FFD is illustrated with the green band; the inactive early type stars have been combined into a single FFD (orange band, slope given in Table 3 ); and the inactive mid-M star (GJ 4083) is shown with the blue band. The width of the bands indicates the uncertainty due to the energy scaling as discussed in §2.3. The dashed lines are powerlaw fits to hundreds of hours of monitoring data in the U band on a large sample of M dwarfs, as reported in Hilton (2011, see Figures 4.14 and 4.19) . The light green dashed line corresponds to the very active mid-M stars (including YZ CMi and AD Leo), the dark green dashed line to a set of less active mid-M stars, the red dashed line to the inactive early-M stars, and the blue dashed line to the inactive mid-M stars. The slopes of these power-law fits to the ground-based data and resulting values for α are also given in Table 3 for comparison.
The Kepler FFD for GJ 1243 falls between the very active and less active mid-M relations. However, it is apparent that the Kepler data exhibit a steeper power law, with fewer flares predicted at high energy. Steeper power law fits to the FFD from Kepler data have also been found by Ramsay et al. (2013) who compared results for two M dwarfs (including GJ 1243) with numerous individual M dwarfs measured from the ground. One possible explanation is that the long consecutive monitoring periods in the Kepler data provide better sampling of the (rarer) high energy flares, and thus allow a more accurate estimate of the power law fit in the high energy regime.
The results for the inactive early M stars in the Kepler sample, GJ 4099 (M1) and GJ 4113 (M2) (orange band) exhibit flare frequencies similar to those found by the extension of the ground-based relation (red dashed line) to higher energies; the longer duration of continuous monitoring with Kepler resulted in the detection of more flares at higher energy than previously were seen on this class of stars. The small numbers in both the Kepler and ground-based samples (∼ 20 flares in each) mean that both fits suffer from incompleteness, but it is reassuring that they occupy a similar region in the diagram and plausibly result from measuring the same underlying distribution using instruments with different sensitivity.
The inactive M3 star GJ 4083 is quite anomalous, with only 2 measured flares, and a flare frequency distribution (blue band) more than a magnitude lower than predicted by the ground-based relation for inactive mid-M stars (blue dashed line) which itself only includes 3 flares, albeit in a much shorter monitoring period. The flare rates on inactive mid-M stars apparently can vary by almost two orders of magnitude, although the small numbers of flares observed mean that this class of stars warrants further investigation. We note that Paulson et al. (2006) and France et al. (2012) have observed serendipitous flares on the inactive dM4 stars Gliese 699 and Gliese 876 respectively, although there are no measurements of the flare frequency distributions for those stars. GJ 4083 is extremely quiet in its flaring rate although it did show a small (erratic) signature of rotational modulation. It may be a good candidate for inclusion in planet search programs that aim to target stars with very low levels of magnetic activity.
Another measure that we can compute is the fractional energy released in flares compared to the total energy output of the star. These ratios are included in Table  2 as f E , and clearly show that a higher fraction of the stellar luminosity is released as flare energy in the active stars, in agreement with Pettersen (1988) and Kowalski et al. (2009) . The fraction of time spent in a flaring state, f f lare , is also given in Table 2 . The active stars spend ∼30% of their time flaring at a level detectable with Kepler, while the flaring time for inactive stars varies between ∼0.01-1%. These fractions are higher than those found by Kowalski et al. (2009) in their investigation of flares observed in SDSS imaging data, probably due to the much higher flare threshold (0.7 mag enhancement in the SDSS u filter) adopted in that study.
In summary, our Kepler results broadly agree with ground-based data, although we find a steeper powerlaw fit for the active mid-M star, perhaps due to better sampling of high energy events. We suggest that the separation of stars into only two groups (active and inactive) based on their Hα emission is inadequate to describe the full range of flare activity observed. The very active and less active stars span more than a magnitude in flare frequency, and the (relatively) inactive stars cover an additional 1-2 magnitudes at lower frequency. This continuum in flaring activity across the entire range of early-mid M dwarfs has important implications for modeling flare occurrence in large surveys such as LSST (e.g. Hilton 2011), and for predicting the effects of flares on planets orbiting low mass stars.
BASIC FLARE PROPERTIES
The exquisite precision and very long duration of consecutive observations provided by the Kepler data allow us to analyze some basic properties of flares with unprecedented clarity. We have chosen to concentrate on the sample of nearly 1000 flares from two months of monitoring on the single star GJ 1243 in our analysis. We examine correlations among the basic observed parameters -amplitude, duration and energy -and discuss the completeness of the observations at low energy. We then investigate correlations of rise time and decay time with the flare duration. Figure 9 shows histograms of amplitude, duration and energy for the flares classified as classical (only one peak) and complex (more than one peak). The strong cutoff in the number of complex flares of short duration is not Figure 8 .
Flare Amplitude, Duration and Energy
Ground-based results from Hilton (2011), Table 4 .3 ("Corrected" values for the slope β).
real, but reflects the one minute time resolution of the Kepler data which makes it difficult to confidently identify multiple peaks in flares shorter than ∼ 15 minutes. The figure shows that classical and complex flares have similar amplitude distributions but complex flares tend to last longer and be more energetic. If all flares exhibited an identical light curve, such as the classical flare shown in Figure 6 , then we would expect these measured parameters to be highly correlated, subject only to measurement uncertainties. In fact, Figure 10 illustrates that both the classical and complex flares do show strong correlations between amplitude, duration and energy. Note that the one-minute cadence of the observations leads to the artificial integer binning of the duration measurements; we expect that the durations would form a smooth distribution as do the ampli- In Paper 2, we analyze the light curve morphology using an even larger (11 month) sample of classical flares on GJ 1243 and show that there is a remarkable similarity in classical light curve shape that can be tied to physical emission processes during flares. Briefly, the rise phase represents a period of rapid impulsive heating characterized by strong blackbody-like emission, while the decay phase first shows an initial rapid decline in the blackbody-like emission followed by a longer slow decline representing gradual cooling from enhanced Balmer and other chromospheric emission. The regions of blackbody and Balmer emission may also be spatially distinct . Kowalski et al. (2013) describes the spectroscopic evidence leading to this interpretation, and the Kepler photometric data presented here and in Paper 2 provide additional evidence that classical flares are well described by such a model.
A power law fit to the energy histogram (above log E Kp = 31, found from the FFD, see Figure 8 ), recovers a slope of -0.95, very close to the slope in the cumulative FFD (-1.01) as expected. The observations deviate from the power law below log E Kp ∼ 31 which corresponds to duration about twenty minutes and amplitude about 0.005 in fractional flux units. A typical flare of this energy is indicated in Figure 2 . However, Figure 2 also shows that even flares of duration ten minutes (corresponding to amplitude 0.002 and log E Kp ∼ 30.5) are easily identified in the Kepler data, and we do not believe we have missed a significant number of such flares, certainly not more than half of them as would be suggested by Figure 9 . One possibility is that the lower energy flares do not follow the same power law distribution as the high energy flares (for a discussion of the solar case, see Hannah et al. (2011) ). Alternatively, we may not always identify small flares as individual events because they overlap in time with another flare and the entire event is counted in our sample as a single complex flare of higher energy and longer duration. Disentangling the individual flares in complex events is a difficult problem with data that have no spatial resolution. In Paper 2, we present results from a Monte Carlo simulation to investi-gate the incidence of overlapping flares in the 11 month sample for GJ 1243.
The complex flares tend to have lower amplitude but longer duration than classical flares at the same energy, and longer duration and higher energy in general, in keeping with a model where they represent a superposition of classical flares. The percentage of flares that are complex increases from 30% for flares with duration between 20-30 minutes to 60% for flares with duration more than an hour. Although we still see some high energy flares that exhibit classical light curves, most high energy (long duration) flares are complex. They may occur in active regions with complicated magnetic field structures that are capable of storing more energy to be released as flares, and that are therefore more prone to sequential heating of new flaring areas within the same active region, analogous to the appearance of transient optical/UV foot-points during flare evolution as seen in high spatial resolution solar observations (Kosovichev & Zharkova 2001; Wang et al. 2007 ). Sympathetic flaring may also occur in nearby active regions, as has also been seen on the Sun (Pearce & Harrison 1990 ). However, longer duration flares are also more likely to randomly overlap with another flare from an independent active region. Paper 2 addresses the makeup of complex flares using an empirical (classical) flare light curve to decompose the observed complex events, in order to determine the relative importance of these two scenarios, which may both play a role in forming flares with multiple peaks. Figure 11 shows the rise and decay times as a function of flare duration (energy). The rise time is nearly always shorter than the decay time, and has little correlation with the duration, while the decay time is strongly correlated with the duration. The flare evolution typically includes a fast rise phase and a longer decay phase, so it is natural that the decay phase dominates the duration. Since the duration is also strongly correlated with the flare energy, it is clear that most of the energy must be emitted by the flare during the decay phase. Complex flares have longer rise times than classical flares of the same duration, perhaps indicating that multiple events are adding to produce the strongest peak in the light curve, where the rise time is measured. The ratio of the rise and decay times shows a correlation with flare duration such that longer duration flares spend relatively more time in the decay phase, particularly for the classical flares. The ratio is not constant, indicating that the rise phase and decay phase timescales do not simply scale together in a linear fashion. In fact, the canonical flare morphology that we find in Paper 2 is more complicated, with two distinct decay phases (see discussion in §4.1). The longer duration flares are mostly complex, and show little correlation between rise and decay timescales, likely due to multiple heating events contributing to both phases.
Flare Rise and Decay Times

FLARE TIMING
There are several aspects of flare timing that we can investigate with the Kepler data on GJ1243, which has both numerous flares and well-defined starspot modulation. We first look at the correlation of flare occurrence (and energy) with starspot phase. Do flares preferentially occur when the star is dimmest (largest surface coverage of dark spots on visible hemisphere)? Next, we examine the waiting time (time between consecutive flares) distribution. Do flares tend to cluster together, for example because a new active region has appeared on the surface? Also, does the flare energy correlate with the energy of the previous flare or the waiting time between flares? This might have implications for the flare energy buildup and storage mechanisms. Figure 12 shows the GJ 1243 light curve folded on the 0.59 day period determined from the photometric modulation which we attribute to starspots on the stellar surface. The flares appear as positive flux excursions above the stable, periodic variation. The number of flares as a function of phase is shown in the histogram and is consistent with no trend, with reduced χ 2 = 1.1. The flare energy is also randomly distributed, and shows no significant correlation with starspot phase.
Correlation with Starspot Modulation
We are carrying out extensive models of the starspot distribution on GJ 1243 (Davenport et al, in prep.) which suggest that an asymmetric polar spot (or more likely spot group) covering a significant fraction of the pole can explain the primary feature of the observed rotational modulation in the light curve. Since a large fraction of the polar spot group will always be in view, we do not expect a strong correlation of flare occurrence with phase, if the flares are associated with this spot group. Alternatively, the flares may be coming from many, relatively small, active regions that contain most of the magnetic flux from the star (Reiners & Basri 2009) , while the polar spot is associated with the weaker dipolar field (Morin et al. 2008) . These many small spots would not contribute significant modulation compared to that from the large polar spot group, and thus, again, we would not expect a correlation of flare activity with starspot phase. We cannot distinguish between these scenarios with our existing data.
Flare Waiting Time Distribution
The flare waiting time is often used in solar studies, and defined as the time interval between the start of one flare and the start of the next flare. We use the entire two-month sample of flares on GJ 1243 in our analysis, including both classical and complex flares. However, note that complex flares are counted as a single flare event, so the times between individual peaks in complex flares are not considered in our analysis.
The top panel of Figure 13 shows the distribution of waiting times in the GJ 1243 sample. The decline in the number of flares observed with waiting times below 30 minutes depends on the flare duration distribution, since a new independent flare cannot be identified until the previous flare duration is reached. Flares that occur while another flare is in progress are considered part of a single complex flare. The bottom panel gives the cumulative distribution, with the longest waiting time in the sample being almost nine hours; a few flares have waiting times of five hours or more; and all flares have waiting times more than a few minutes (a limit set by the time resolution of the Kepler data and the duration of the shortest flares in the sample). The cumulative distribution is well fit with a single exponential function (with slope -0.375) for waiting times between 30 minutes and five hours, while the extension of the fit to longer waiting times is adequate given the small numbers. The data are consistent with a model where flares occur with a single, random, Poisson distribution of waiting time for the entire extent of our observations. In contrast, Wheatland (2010) investigated the evolution of a single solar active region over a weeklong period, and found a piecewise Poisson distribution of waiting times, with an initial flaring period having a shallow slope (longer time between flares) followed by an active flaring period with short waiting times and steeper slope, and then a decay period again with longer waiting times and shallower slope.
Our interpretation is that GJ 1243 maintains a steady state of flaring over long time periods (months) compared to both its rotation period (fraction of a day) and compared to the behavior of active regions on the Sun (weeks). This is consistent with a scenario where there are numerous small spot regions (clustered in a large polar spot group, and/or spread out over the surface) that are constantly emerging and decaying. At any one time, a large number of regions are contributing to the overall flare rate so that while some may be in the buildup or decay phases seen on the Sun, many others are in the strongly flaring phase. The sum of all this flaring activity thus remains relatively constant with time. We are investigating the flare frequency over the entire eleven months of short cadence data on GJ 1243 in the Kepler database and indeed it appears quite similar on monthly timescales (Wisniewski et al., in prep.) , which supports this steady state scenario of flare activity on GJ 1243.
Flare Energy Distribution
We define ∆ log E as the energy difference between subsequent flares, i.e. ∆ log E = log E i+1 -log E i , which is positive if a flare is more energetic than the previous one. The distribution of ∆ log E for the full sample of GJ 1243 flares, including both classical and complex flares with log E > 31, is shown as the histogram in the top panel of Figure 14 . The flare energies appear to be randomly distributed, with no preferred scale or sign for ∆ log E. The smooth blue line represents a model distribution of energy differences obtained by choosing flares randomly from a power-law flare energy distribution with α = 1.95, found from the fit to the energy histogram of all events in §4.1. The random model is consistent with the observations of flares with log E > 31, where the power law is applicable.
The distribution of ∆ log E with waiting time is shown in the bottom panel of Figure 14 . Again there is no correlation of waiting time with the energy of the subsequent flare. We do expect, and observe, a region in the lower left of the diagram at negative ∆ log E (first flare is higher energy) and small waiting time that is relatively unpopulated. This is because larger flares typically have longer duration, and hence necessarily a longer waiting time before the next flare can be unambiguously identified.
These results support a scenario where the individual flares we have measured are randomly occurring at times and energies that do not depend on the previous flare history. Thus, each event may be occurring in a separate active region, not triggered by previous events. We do not find any evidence of sympathetic flaring between individual events, as suggested for example by Panagi & Andrews (1995) . We stress again that we treat complex flares as single events in this analysis. Within a complex flare, the sub-peaks that we see may sometimes be triggered from the initial reconnection and energy release, see e.g. Anfinogentov et al. (2013) . We discuss the makeup of complex flares in more detail in Paper 2.
SUMMARY
We have analyzed two months of Kepler short-cadence data on several low mass M dwarfs, spanning a range of activity and spectral type. We obtained additional spectroscopic data from the ground to assign spectral types, and used simultaneous Kepler and U-band photometry of one flare to obtain an energy-scaling relationship between Kepler and U-band flare energies. We report periods for five stars; these agree with published periods for the two stars that have previous determinations. than are available from the ground. We suggest that this leads to steeper power-law fits to the FFDs compared to those found from ground-based data, indicating that the power law energy distribution of flares may approach α = 2, with implications for coronal heating. However, we also find evidence that the power law fit does not continue to lower energies, which are still above our detection limit. The missing low energy flares may be subsumed into complex events, or there may be a real turnover in the power law energy distribution of flares. We investigate these possibilities further in Paper 2 of this series.
Comparison of the FFDs for inactive and active stars of early and mid-M spectral type shows that there is a continuum of flare frequencies and energies, and that the artificial separation into "active" and "inactive" classes based solely on the presence or absence of Hα emission in the quiescent spectrum does not capture the full complexity of magnetic (flaring) activity in M dwarfs. Flares from inactive stars, though relatively rare, can be of high energy, and the large number of early-type, inactive M dwarfs in the Galaxy means that these flares could be an important source of transient phenomena in time domain surveys. In addition, flares from inactive stars may still play an important role in the atmospheric chemistry of orbiting planets.
We also examined the properties of basic flare parameters for a sample of nearly 1000 flares on the active M4 star GJ 1243, and found that flare amplitude, duration and energy are all strongly correlated. High energy flares typically have both long duration and high amplitude. Complex flares (with more than one peak) have longer duration and higher energy at the same amplitude. The fraction of flares that are complex also rises with flare duration. These results support a scenario where complex flares represent the superposition of classical flares, possibly from flares in separate regions that randomly overlap in time and/or from triggered flaring within the same or nearby active regions. Paper 2 continues the exploration of the makeup of complex flares using a classical flare model to decompose the complex flare light curves.
The precision and long monitoring period of the Kepler data also allowed us to investigate the correlation of flare occurrence and energy with starspot phase on GJ 1243. We found no significant correlation, indicating that the spot or spot group that contributes to the periodic photometric modulation does not represent the only, or even the primary, spatial location where flares occur. Instead, the random occurrence of flares with phase indicates that flaring is distributed across the stellar surface as it rotates, possibly in many small active regions. These results are consistent with the large scale magnetic structure model of Morin et al. (2008) , which accounts for only a small fraction of the total magnetic energy in active mid-M stars; most of the energy is likely found in a large number of smaller active regions that are not detectable in global polarization measurements but contribute to the large magnetic field measurements of several kG with large filling factor (Johns-Krull & Valenti 1996) .
Finally, we considered the flare waiting time distribution, and found that it is well described with a single exponential, indicating a random Poisson distribution of flare waiting times above 30 minutes. The evolution of a single active region on the Sun shows a piecewise Poisson distribution, with periods of weak flaring as the region builds and decays, and strong flaring in between (Wheatland 2010) . We interpret the steady-state flaring distribution that persists for the entire two months on GJ 1243 as additional evidence for the contribution of many active regions in a strongly flaring state, such that a few regions that are in the buildup and decay phases do not contribute significantly to the overall rate. We do not find evidence for sympathetic flaring, but note that complex events are treated as single flares in our analysis. Sympathetic flaring within a given complex flare may still be occurring.
The difference in energy between successive flares was also investigated, and the results were consistent with a model where flares are randomly chosen from a powerlaw energy distribution with α appropriate for GJ 1243. This does not support the notion of independent precursor flares, where a large flare is immediately preceded by a smaller flare. The waiting time between flares also showed no correlation with the energy of the next flare, indicating that the flares are occurring in independent regions, or that the magnetic energy stored in a given region is much larger than is being emitted in flares.
In summary, our data support a model where many small-scale active regions are distributed across the stellar surface, contributing only marginally to the rotational modulation of the star, and flaring independently at random intervals, with no connection in time or energy between successive flares.
Additional studies using our Kepler short cadence data will investigate the temporal morphology of the classical flare light curve and the makeup of complex flares (Paper 2); the flaring behavior of the individual components of the GJ 1245AB system (Paper 3); the flare frequency and multi-wavelength behavior of flares in the full 11-month Kepler dataset, together with ground-based data, on GJ 1243 (Wisniewski et al., in prep.) ; and the comparison of flares on stars of types G, K and M (Hawley et al., in prep.) . The Kepler satellite has delivered stellar light curves of unprecedented precision and duration and will provide a rich data source for flare studies for the foreseeable future. This work was supported by Kepler Cycle 2 GO grant NNX11AB71G and Cycle 3 GO grant NNX12AC79G . JRAD acknowledges support from NASA ADP grant NNX09AC77G. SLH, JRAD and LH acknowledge support from NSF grant AST13-11678. EJH, AFK, and SLH acknowledge support from NSF grant AST08-07205.
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